Abstract -The results of the analysis of Rhizopoda from permafrost sediments of the cryolithozone of northeastern Siberia are presented. Testate amoeba communities (Rhizopoda: Testaceafilosea, Testacealobosea) of the late Pleistocene and Holocene and modern habitats of the Cape Mamontov Klyk (the Laptev Sea coast in the vicinity of the Lena River estuary) have been researched. The paleocommunity structure was examined; assessment of rhizopod diversity in sediments of different (fluvial, alluvial, ice complex, alas, and alluvial-dealluvial) geneses was conducted.
Testate amoebae inhabit practically all water and land habitats, but prefer bogs and litter of coarse humus soils. Specific environmental conditions determine the development of communities specific to a given habitat. Habitat preferences of different species and fair preservation of their tests, which keeps especially well in oligotrophic conditions, both contribute to their great significance in paleoecological research (Warner, Charman, 1994; Charman et al., 2007) . The species composition of a testate amoeba paleocommunity and its structure make it possible to reconstruct environmental conditions of the sediment deposition period. Ecological groups and indicator species of rhizopods are particularly important. Rhisopod analysis has not been widely used in Russia and lingers only at the initial stage of accumulation of information on testate amoeba communities of the Late Quaternary sediments (Bobrov, 2003) . Despite the long history of research into the modern and Late Quaternary flora and fauna of the East Siberian Arctic, the data on the protozoan population of this region are scarce; particular features of their ecology, paleoecology, and geographic distribution being practically unexplored.
The traditional geochronological scheme distinguishing within the Upper Pleistocene the warm Kargin and cold Sartan periods was used for interpreting the results of rhizopod analysis. During the last few years there have been a number of publications questioning the predominance of a warm climate in Siberia 50000-25000 years ago. The results of micropaleontological research are of great interest because they provide additional information about the environmental conditions of the sediment deposition period and thus about the climatic peculiarities of a certain period.
The goal of the present study is analysis of the diversity of the testate amoebae from the Late Pleistocene and Holocene sediments of Cape Mamontov Klyk (northeastern Yakutia) and the reconstruction of their habitat conditions.
MATERIAL AND METHODS
Cape Mamontov Klyk ( 73°60 ′ -73°63 ′ north latitude and 116°88 ′ -117°18 ′ east longitude) is situated on the Laptev Sea coast between Anabar and Olenek bays, approximately 30 km to the north of Pronchishev Ridge. The area of study belongs to the zone of subarctic tundra. The present-day climate is characterized by long winters (8 months) and short and cold summers; the mean January temperature is 32-34°C , and the mean July temperature is about 9°ë . Precipitation varies from 200 to 300 mm per year. Predominant soils are tundra gley soils and bog gley soils with the permafrost stratum beginning at the depth of 30-40 cm (Dobrovolskii, Urusevskaya, 2004) . The predominant vegetation type is moss-dwarf-shrub tundra with rarefied grass cover.
Samples were taken in 2003 on Cape Mamontov Klyk from sediments of different geneses: fluvial, alluvial, ice complex, alas (thermokarst depression), and alluvial-dealluvial (thermoerosive depression).
The samples in the form of water suspension were passed through a sieve with a cell size of 0.5 mm and then centrifuged. Preparations were examined with a light microscope under 200 × and 400 × magnifications. The average amount of preparations per sample was 5. The amount of identified tests was dependent on the density of the testate amoebae in the sample and ranged from 1 to 350 specimens. The ordination of samples in Testate Amoebae in Late Quaternary Sediments of the Cape Mamontov Klyk (Yakutia) BOBROV et al. accordance with testate amoeba species composition was based on the method of principal coordinates (Legendre, P., Legendre, L., 1998) .
DESCRIPTION OF EXAMINED SAMPLES
Fluvial facies (A) is presented by the sediments of temporary water courses, it formed 44000 years ago. This facies is distinguished by the low content of organic carbon (0.2% on average) and the lowest C/N ratio (between 0.7 and 2.5).
Alluvial facies (B) belongs to the floodplain stage; the age of these sediments ranges from 43620 +170/-1400 to 31250 +1080/-950 years ago, thus they belong entirely to the Kargin interstadial. These samples are distinguished by significant variations in the content of organic matter (from 0.2% to 15.3%) and by high C/N values (up to 24.9). The periods of soil formation characterized by stable surface conditions were regularly interrupted by short periods when sedimentation processes intensified.
Ice complex sediments (C) embrace the end of the Kargin interstadial and Sartan. The content of organic carbon in samples ranged from 1.6% to 4.9%, and the C/N ratio varied between 7.2 and 16.1. The decrease in the C/N ratio in comparison to the profile B (alluvial series) points to the rise of more dry and aerobe conditions entailing the intensification of the processes of organic matter mineralization.
Holocene sediments (D 2 ) formed at the surface of the Sartan ice complex in relatively warm and humid climatic conditions.
Alas complex sediments (D 3 ) are situated at a distance of 8 km from the main profile (the ice complex). They formed during the Late Pleistocene and Holocene. They are usually distinguished by wide dispersion in the content of organic carbon due to the changing of lake and bog facial conditions in the period of their deposition (Kholodov et al., 2006) .
Alluvial-dealluvial sediments (D 1 ) are thermoerosive valley sediments of Holocene origin. The samples are soils of various granulometric composition with inclusions of peat and sand with plant residues. They are characterized by a nearly neutral or alkalescent reaction of their aqueous extract and show a significant variation in organic carbon content.
Forty of the examined samples belong to the Late Pleistocene, 18 of them belong to the Kargin interstadial, and 22 belong to the Sartan. Holocene sediments include 12 samples, and modern surface sediments include 15.
Surface samples were taken in the immediate proximity of the ice complex from a depth of 0-5 cm, with the diversity of habitats (polygons, sand outcrops, edomas, oligotrophic bogs, and thermokarst depressions) taken into consideration.
RESULTS
We found testate amoebae in 39 out of 67 samples of the Late Pleistocene and Holocene origin, which were carbon-dated as belonging to the period of the last 44000 years. The palaeocommunities of testate amoebae consisted of 77 species and subspecies forms. Protozoans were not found on sand outcrops. The total amount of taxa in samples of Late Quaternary origin and in modern surface samples was 95 species, varieties, and forms (Table 1) . Protozoans were identified down to the level of subspecies taxa and morphological forms.
Species diversity in the Late Pleistocene samples amounted to 68 taxa, that in the Holocene samples was 2, and in modern samples it was 39 taxa. The number of species in the samples from the Late Pleistocene period was almost 30% higher than that from the Holocene. The diversity of the testate amoebae in the samples of the Kargin period was more than 2 times higher than in the Sartan (Table 2 ). For the purposes of paleoecological analysis, we divided testate amoebae into 4 main groups in accordance with their environmental preferences: hydro-hygrophilous, sphagnobiontic, soil and eurybiontic, and calciphilous. The species composition of the sphagnobionts and hydro-hygrophils in the Kargin period was substantially higher than in the Sartan, and these groups were generally more common in palaeocommunities in comparison with the modern samples ( Table 2 ).
The number of testate amoeba taxa in the samples of the Late Pleistocene and Holocene origin varied from 1 to 32 species and subspecies forms. The highest species diversity was recorded for the Kargin samples. Ten out of the 20 samples whose species composition included 15 or more taxa belonged to the Kargin, 5 samples belonged to the Sartan, and 5 belonged to the Holocene. This diversity allows us to call the palaeocommunities of testate amoebae full-ranged ones, a fact dependant on environmental conditions favorable for the formation of testate communities. The conditions for their preservation in sediments were also favorable; the sediments were not affected by secondary cycles of microbiological and biochemical activity intensification, and the deposition of palaeocommunities proceeded at high speed.
Fluvial sediments. In the only sample from fluvial sediments, we found 17 testate species and varieties, among which hygrophilous species Difflugia , sphagnobiontic Heleopera and Argynnia , and 2 specimens of aquatic Arcella discoides v . scutelliformis were registered. We also recorded the first occurrences for the Late Pleistocene of the sphagnum-moss species Paraquadrulla irregularis and soil-moss Bullinularia gracilis .
Alluvial sediments. The samples mainly represent waterlogged soils and soils with peat inclusions whose age is between 44000-40000 years. Forty-five testate taxa were found in the 11 samples. These sediments are Note: The ecological characteristic is based on Chardez classification (Chardez, 1965) : aquatic (W), sphagnobiontic (Sh), moss (M), and soil and eurybiontic species (S).
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the richest in the testate amoeba species composition (the genera Arcella, Centropyxis, Cyclopyxis, Heleopera, Nebela, Argynnia, Difflugia, Phryganella, and Pseudodifflugia) . Paludification periodically interchanged with more automorphic stages, which led to the formation of organic-mineral soils. We found 12 species and subspecies taxa belonging to the group of soil and eurybionts (Centropyxis, Cyclopyxis, Plagiopyxis, Phryganella) in soil samples. Some species represent minor size groups: minor, minuta, minima. It is not uncommon for the species composition to be several times lower in the samples where such groups prevail. Hydrophilous species are absent, and eurybiontic and soil species dominate. The representatives of the soil group of the testate amoebae from the genus Plagiopyxis begin to occur. Neutral and alkalescent soil reaction determines the occurrence of calciphilous species Centropyxis plagiostoma and Cyclopyxis kahli. Alluvial sediments are distinguished by both significant species richness of testates and fair preservation of their tests. In the upper strata of the sediments in the sample with peat inclusions, 32 testate species and varieties was found. The maximal species diversity of testate amoebae was noted there in comparison with the samples from other sediment types of Cape Mamontov Klyk and Late Pleistocene, Holocene, and surface samples from the Bykovskii Peninsula, which had been studied earlier . The species composition in this sample was greater mainly due to the significant amount of hydrobionts of the genus Difflugia and sphagnobionts of the genera Heleopera, Nebela, and Argynnia. The climatic conditions can be characterized as warm and humid.
Ice complex sediments. These sediments embrace two periods of the Upper Pleistocene: Kargin and Sartan. The lower Kargin part of the ice complex, which is 43000 years old, can be classed as a soil stage of sediment deposition judging by the domination of the soil and eurybiontic testate group. The testate amoebae population consists of species belonging to the genera Centropyxis, Cyclopyxis, and Phryganella, most of which are represented by minor size groups: minor, minuta, minima. But by the end of the Kargin, the soil stage gave place to bog. In the sample of 27220 +310/-300 years of age, 19 rhizopod species and varieties were found. In addition to soil and eurybiontic species, hygrophilous species such as D. globulus and D. cf. prisits begin to occur. A single finding of a sphagnobiontic Argynnia cf. teres can also be mentioned. The hydromorphism degree was rising against the background of meso-or oligotrophic conditions, judging by the rise in numbers of calcifilous C. plagiosoma represented by almost every morphological form.
The population of most samples of the ice complex of the Sartan period consists of soil and eurybiontic species. The beginning of the Sartan (the sample dated 24600 +170/-160 years old) is denoted by a community consisting of 19 rhizopod species and subspecies forms. The peculiarity of its species composition consists in the presence of sphagnobiontic Trigonopyxis arcula and T minuta, which usually inhabit coarse humus litter of forest soils, as well as three soil species of the genus Plagiopyxis-P. callida, P. minuta, and P. penardi.
At the minimum of the Sartan, cooling conditions worsened. For example, only 9 species and varieties (represented mainly by minor, minuta, minima, and microstoma forms) of the genera Centropyxis and Cyclopyxis were found in a sample of 18920 ± 70 years of age. This presumably points to unfavorable climatic conditions leading to a decrease in the test size such as temperature fall (Smith, 1988) or the coming of a drier period (Bobrov, 2005) . The presence of the variety Cyclopyxis eurystoma v. parvula, which is smaller than typica, among the dominant species corroborates this. The increase in hydromorphism was recorded in the only sample where the dominant group included hydrohygrophilous species of the genus Difflugia D. globulus, D. lucida, and aquatic and sphagnobiontic A. cf. teres along with soil and eurybiontic representatives of the genera Centropyxis, Cyclopyxis, and Phryganella. The beginning of the Holocene is denoted by humid and warm conditions. Seventeen testate amoeba species and varieties were found in the sample of 9480 ± 40 years of age. The population of testates is typical for meso-and oligotrophic bogs; species indicating an intense paludification process are present: Arcella arenaria v. compressa, Argynnia sp., and Phryganella hemisphaerica. According to the data of spore-pollen analysis, the formation of forest-tundra ecosystems began about 9300 years ago and was concurrent with climate warming, and the Palaearctic climate of that period was warmer than the modern climate (Andreev et al., 2002 (Andreev et al., , 2004 Neronov, 2006) .
Soil and eurybiontic species from the samples belonging to the Middle Holocene are characteristic of automorphic soil conditions. The occurrence of hygrophilous Centropyxis cassis and sphagnobiontic Heleopera sphagni in the sample from the end of the Holocene (2785 ± 30 years ago) indicates the increase in hydromorphism of the environment.
Thermokarst lake sediments (alas sediments). The population of alas sediments consists mainly of aquatic species and sphagnobionts. Judging by the domination of D. globulus (25%), these sediments formed in moist bog conditions. The similar composition of ecological groups was also noted for other alas samples. For example, 20 species and varieties of rhizopods characteristic of overwetted meso-and oligotrophic bogs were found in one of the samples. The presence of the soil species P. penardi and xerophilous moss and soil species Bullinularia indica in this sample can apparently be explained by the "pulsatory" seasonal water regime, the interchanging of water influx and droughty stages.
Sediments of thermoerosive depression. As in the case with alas sediments, aquatic and sphagnobiontic species (Centropyxis platystoma, Cyclopyxis arcelloides, and Pseudodifflugia gracilis) dominate here. The intense processes of paludufication of the Holocene alluvial-dealluvial sediments contributed to the high density and significant species diversity of testate amoebae. Twenty-two species and subspecies taxa including the group of aquatic species of the genus Difflugia (D. globules, D. minuta, D. oblonga, and D. sp.) were found in one of the samples; this points to a lengthy paludification stage. The latest occurrence of a sphagnobiontic Argynnia sp. in the Late Quaternary sediments was registered in the sample of 1500-2000 years of age.
Modern surface samples. Eurybiontic and soil species predominated in the sample taken from the edoma surface horizon. Single occurrences of hydro-and hygrophilous species (Arcella artocrea, Arcella arenaria v. compressa, and C. cassis) can be explained by temporary seasonal excessive humidification of the habitat. As we noted before , the cooccurrence of soil eurybiontic and hygrophilous species in samples is characteristic of tundra habitats. Apparently, this phenomenon is determined by peculiarities of seasonal change in the hydrological regime as well as the confining layer of permafrost. The population of the central part of the polygon consists of hydro-and hygrophilous species of the genera Difflugia and Arcella. The litter of tundra gley soil can be characterized as a humid habitat judging by the presence of hydrophilous and sphagnobiontic species (D. difficilis, Nebela biggibosa, N. lageniformis, and N. tincta) . The surface samples taken from a thermokarst hollow and an alas are poor in testates (single occurrences of eurybiontic species of the genera Centropyxis and Cyclopyxis). The population of an oligotrophic bog is distinguished by occurrences of hydrophilous D. globulus and hygrophilous C. platystoma.
On the whole the species diversity in alluvial and fluvial samples belonging to the Kargin period is significantly higher than in modern samples, and especially in comparison to the Sartan sediments.
The mathematical treatment of the data of protozoological research of the Late Quaternary and surface samples from Cape Mamontov Klyk consisted in the analysis of significance of differences between distinguished ecological groups of testate amoebae in order to evaluate the correctness of distinguishing these species into the above-mentioned groups, and the ordination of the examined samples within ecological space in order to analyze their differences in composition of the testate population. In the latter case, a preliminary expert judgment of the ecological group compositions was conducted, and different weights were assigned to the indicator species according to the breadth of their ecological niche. The narrower the species ecological niche, the greater the weight assigned to the species. Singularly occurring species were excluded from the analysis. The ANOSIM test was conducted in order to estimate the division of the groups in the ecological space of the original dimension and in the ordination plane. The Bray-Curtis metric was used for analyzing the principal coordinates and nonmetric scaling (Legendre, P., Legendre, L., 1998) .
According to the results of statistical treatment, all the species in the ordination plane were divided into 3 main groups ( Fig. 1) : hydro-hygrophilous, soil, and sphagnobiontic. The widest dispersion can be seen among sphagnobiontic species. This fact reflects the continuity of habitat environments and the breadth of the ecological niche with respect to the hydrological regime. The compactness of the soil species group results from the narrow range in which the habitat pH changed; it was nearly neutral. In the habitats populated by aquatic and bog species, the reaction ranged in a wider diapason, especially in bogs, where it varied from acid pH in oligotrophic bogs to slightly acid and nearly neutral pH in mesotrophic bogs. We divided the species on the basis of two criteria: the presence of the species in a sample and its abundance. The presence of the species proved to be a more sensitive and informa-tive method of data treatment (Table 3) . The values in the first column characterize the division of species in the space of the original dimension. The results of the statistical treatment lie within the range from -1 to +1. The closeness of the coefficient value to +1 points at complete division of the groups; 0 means that the groups are mixed (nondivided); -1 means that one of the groups is highly disperse and the species from this group occur in many samples in various conditions. As can be seen from the Table 3 , testate ecological groups differ significantly when the "presence of the species" parameter is used. Sphagnobiontic soil species and soil hydrophilous species differ with a high (99.9%) confidence level. One of the main factors determining peculiar features of the testate amoeba species composition is the habitat humidity.
The analysis of the ecology of indicator species revealed that the sample distribution along axis 1 is explained by the habitat humidity gradient (Fig. 2) . The sample distribution along axis 2 complies with the testate species diversity. The higher the amount of indicator species in samples, the more conspicuous their diversion by ecological preferences. For this reason we can see two distinct groups in the upper part of axis 2: groups of humid (A) and dry (B) habitats with an intermediate (C) group along the humidity gradient, as a reflection of environment continuity. Group A is represented by humid habitats, which belong generally to the Kargin time, partially by the Holocene samples (alas and alluvial-dealluvial sediments) and one modern sample from the central damped part of the polygon. The indicator species from the group A samples belong generally to the genus Difflugia. Group B (dry habitats) embraces the samples that belong mainly to the Sartan and partially to the Holocene. The indicator species from these samples belong to the genera Centropyxis and Trigonopyxis. Group C includes the samples intermediate with respect to the humidity gradient. Group D consists of habitats with low testate species diversity and includes samples with rare occurrences of testate amoebae from all three periods: the Late Pleistocene (mainly the Sartan time), Holocene, and modern habitats.
The main conclusion that appears from the statistical treatment of the results of rhisopod analysis is that with respect to humidity conditions there were all habitat types in the Late Pleistocene and Holocene but their ratio was different. For example, the group of dry Late Pleistocene habitats consists mainly of the Sartan samples (Fig. 2) , while the Late Pleistocene samples from the Kargin interstadial are widely represented in the group of humid habitats. Most of the Holocene samples belong to the group of humid habitats. The modern samples turned out to be poorer than the Late Quaternary ones in species composition. This fact may reflect the low diversity of modern habitats in comparison to the Holocene and especially to the Late Pleistocene.
DISCUSSION
The populations of the testate amoebae of the Late Quaternary sediments demonstrate a number of similar features. This applies in the first place to the dominant species compositions, which are very similar in the samples from the Late Pleistocene and Holocene ( BOBROV et al. Fig. 3 ). The most common species (Centropyxis aerophila and C. sylvatica) belong to the group of cosmopolitan soil and eurybiontic species. Calciphilous C. plagiostoma and C. kahli also belong to this group. The changing of hydrological regime from automorphic conditions to hydromorphic, interchanging of sedimentogenesis processes, and formation stages of organogenic and organic-mineral soils are denoted by the entrance of hydroand hygrophilous species D. globulus, Argynnia sp., and Phryganella acropodia v. australis into the group of dominant species. Extremely cold and dry environmental conditions are reflected in the development of minor forms by a number of species: C. aerophila v. minuta, C. sylvatica v. minor, C. constricta v. minima, and C. plagiostoma f. B (minor).
The species of the genus Centropyxis predominate in all sedimentation types. The hydrophilous representatives of the genus Difflugia codominate in alluvial, alas, and alluvial-dealluvial sediments, while in the surface samples the species of the genera Euglypha and Nebela hold the second place after the genus Centropyxis. The representatives of the genera Assulina, Valkanovia, Euglypha, Corythion, and Trinema, which are common in surface samples, were not found in paleocommunities. Their fragile tests are destroyed easily, and therefore, they are seldom used in paleoecological analysis.
All four main ecological groups (soil and eurybiontic, sphagnobiontic, hydrophilous, and calciphilous) were widely represented in all sedimentation types. They allow diagnosis of the environmental conditions of sedimentation genesis, in the first place the hydrological regime and sedimentation type (bogs or soils), with a fair degree of certainty. The indicator species belonging to these ecological groups, such as calciphilous C. plagiostoma, hydrophilous Difflugia cratera and Ph. Hemisphaerica, sphagnobiontic and hygrophilous Heleopera humicola v. amethystea, H. sphagni, and A. c. f. teres, and soil Trigoniopyxis minuta, have a narrower tolerance range and ecological optimum than the group as a whole. Using such species in paleoecological analysis helps determine the characteristics of the environmental condition of sedimentation genesis more accurately.
The population of the testate amoebae of modern habitats also includes the representatives of all ecological groups. The main characteristics that distinguish the modern testate population from that of the Late Pleistocene and Holocene are (1) a significantly smaller number of hydro-hygrophilous and sphagnobiontic species of the genera Arcella, Bullinularia, Trigonopyxis, Heleopera, Nebela, Argynnia, and Difflugia; (2) singular cases of the occurrence of soil species belonging to the genus Plagiopyxis; (3) moss and sphagnobiontic species of the genera Assulina, Valkanovia, Euglypha, and Trinema inhabiting generally organogenic horizons of automorphic soils and surface layers of peat soils are widely represented in modern communities.
The findings of rare species, in the first place A. c. f. teres and Argynnia sp., allow us to suggest greater diversity of habitat conditions in the Late Pleistocene in comparison to the present time. The finding of Nebela bigibbosa in a surface sample represents the northernmost registered occurrence of this species on the territory of Eurasia to this day. This species was also found in the Pleistocene sediments from the Bykovskii Peninsula . In the early 20th century, it was found in Spitsbergen (Penard, 1903) . According to Todorov's data (Todorov, 2001 ), this species is frequently found in the litter of Bulgarian beech forests. Another rare species P. irregularis, which is characteristic of mesotrophic bogs (Opravilova, Hajek, 2006) , was found in a sample from the Kargin period fluvioglacial sediments. Hitherto this was the only finding of Paraquadrulla irregularis in the sediments of the Late Quaternary sediments. A rare form Centropyxis plagiostoma f. oblonga is common in the Late Quaternary sediments from Cape Mamontov Klyk. D. cratera, a species characteristic of bottom sediments, was found in the alas samples. The obligatory hydrophily of this species underlines the aquatic genesis of alas sediments. The results of this part of the present publication may be of interest for the paleogeography of free-living protozoans, a research direction which at present is completely undeveloped in the general course of paleogeography.
CONCLUSIONS
The Late Quaternary sediments of Cape Mamontov Klyk, in the first place those of the Kargin interstadial, are comparable to the habitats of the forest-tundra and taiga zone. Almost all testates are represented here, with the exception of the genera inhabiting forest litter and eutrophic bogs: Quadrulella, Sphenoderia, Placocista, Euglypha, Assulina, Trinema, Corythion, Cyphoderia, Pontigulasia, and Lesquereusia. In the Kargin sediments (fluvial and alluvial facies and the lower part of the ice complex) changing of the testate ecological groups and indicator species reflects the interchanging of lake, bog, and soil stages against the background of prevailing paludification processes. In the Sartan the degree of xeromorphy in sediment deposition grows. Obligate hydrobionts are absent from samples of this period, the hydrological regime is characterized by droughty conditions. The Sartan is characterized by the interchanging of mesotrophic soil conditions and bog stages like the Kargin but to a lesser extent. The difference between the rhizopod populations of the Kargin and Sartan lies mainly in the numbers of hydrophilous species. Thus the results of the rhizopod analysis once again confirm the existence of the Late Pleistocene (Kargin) interstadial. In BOBROV et al.
the samples taken from the ice complex of the Bykovskii Peninsula , the maximal testate species diversity was also registered in the Kargin interstadial (54000-30000 years ago). The results of the rhizopod analysis generally confirm the assumption that the Sartan was a colder and drier period. Apparently, habitat diversity over the course of the Kargin and Sartan was similar; it was the ratio between different habitat types that changed. During the Sartan the amount of habitats with conditions favorable with respect to humidity and trophic regime was decreasing, and the area of water-logged grounds decreased especially sharply.
Entomological analysis (Kuz'mina, 2001 ) confirms the idea of the Kargin time being a "thermochron" characterized by wide distribution of tundra-steppe landscapes. The results of the palynological analysis and the composition of plant macroresidues and bones of mammoth fauna also contribute to the image of the Sartan as a mammoth steppe with a cold and dry climate (Andreev et al., 2002 (Andreev et al., , 2004 .
